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l'  OlUTBCVX'mSL 


a.  To  investigate  the  molecular  organisation 
of.  neurons; 

b »  To  iooiate  and  characterize  chemically  and 
structurally  constituents  of  axoplasm  ob- 
tu.Lnoc!  by  extrusion  from  squid  giant  fibers; 

a .  To  attempt  to  relate  such  information  to 
neuronal  function  and  eventually  to  brain 

function. 


C s'  RESTJLT8 


A  i-.A2:eo-rcon  leboratory  at  the  Marine  Biological 
Shatter,  at  itontemar ,,  Chile „  has  been  outfitted 
with  equipment  needed  to  make  physicochemical  and 
analytical  studies  of  the  fibrous  protein  and 
other  constituents  of  the  axoplasm  of  the  giant 
fibers  of  the  large  squid  Dosidicus  gigas. 

Dr-  r.  Hurioeun-Cox,  after  a  year's  training  in 
biophysicr.!  chemistry  at  K,I,T,,  has  returned 
to  Chile  to  conduct  the  experiments  there.  Axon 
materi-cl  has  been  dissected  from  a  large  number 
of  fluid  and  stockpiled  for  future  analysis. 

Initial  experiments  have  been  made  in  an  investiga¬ 
tion  into  the  possible  function  of  the  fibrous 
prate  in  which  i.  s  ubiquitous  to  all  neurons. 

Cons  “.deration  has  been  given  to  the  possible  role 
cf  neuronal  macromolecules  in  encoding  experiential 
information  in  long-term  memory  and  learning. 
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‘V,  MPi  CSCU’AH  pf.os&m 

As  a:;:pla ;ned;  in  last  year’s  report,  Dr.  P.  Huneeus- 
C.oy.  v/aa  drained  in  this  laboratory  in  the  techniques 
o£  protean  physical  chemistry  and  in  the  nerve 
program  of  this  laboratory.  In  July  1962  Dr.  Huneeus 

•  returnee’.  t.o  Chile  and  occupied  the  three  laboratory 
•orns  prepared  for  our  Unit  at  the  Marine  Station  in 

Jiku'itaoray,  adjacent  to  Valparaiso.  He  took  with  him 
•. i  j arge  variety  of  phys Lcal-chemical  equipment  and 
iupplieo  because  of  the  lack  of  such  material  in  Chile, 
t'ith  tho  laboratory  thus  equipped  and  with  the  help 
of  an  asnistant  and  a  dr.ener  employed  a  few  months 
after  hit;  arrival.  Dr.  Huneeus  began  the  experimenta¬ 
tion  fc-v  vhich  this  rather  elaborate  planning  was 
ne'.-cai  if-itAd.  This  also  constitutes  the  major  effort 
of  that;  ..ni> oratory  in  tliis  program  though  the  feed- 
bnrh  wi  fh  the  home  laboratory  at  M0IoT0  was  kept 
rctiv-s  'Ion  a  weekly  basis)  and  nerve  material  was 
Ufa. it  to  iloIoTc  for  analysis  and  characterization. 

•  Jivil  November  1962,  the  development  of  the  project 
tfjxi?  hcsm>»red  by  disappearance  of  the  squid  from  the 
usual  fishing  grounds.  Until  squid  could  again  be 
provided.  Dr.  Huneeus  explored  a  variety  of  other 
•Local  fauna,  and  in  particular  found  that  a  local 
lup-.cite  of  lamprey  appeared  to  be  suitable  for  studies 
on  the  nerve  composition  and  structure.  However,  his 
investigation  of  these  animals  was  postponed  when  squid 
•again  buoiutte  plentiful.  It  is  planned  to  keep  the 

la.’  i  ,pr«.y  ’vork  for  such  periods  during  which  no  squid 
axe  avallf&le. 

Slice  November  1962  nearly  1,500  large  squid  have 
bean  dissected  and  from  most  of  these  animals  the 
axoplasm  has  been  extruded,,  dialyzed,  the  dialyzable 
constituents  frczen-dri»d  for  study  at  a  later  date, 
and  the  high  roolecular-seight  constituents  have  been 
startled  by  visccmetric,  flow  birefringence,  and  other 
techniques..  These  preparations  have  also  been  fraction- 
a  bid  and  further  analytical  studies  have  been  performed 
on  -Jha  fractions. 
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»  CHEMXCiVL  ItVTSSTfGATIOJJS  OP  AXOPLASMIC  COKSTITUEHTS 


A »  3-ne  Flbgoua  Probain  (Heurofilaments) 

3  o  Stability  „  Tha  stability  of  the  extruded  axoplasm 

nd ,  in  particular,  the  maintenance  of  the  structure  of 
the  highly  f.ayurs*tric  filamentous  protein,  the  neuro-* 

£  i.l  ament  i»  las  been  studied  as  a  function  of  ionic  strength, 
io,  r:jju  temperature ,  It  was  found!  that  at  ionic  strengths 
cafcwcets  3.1  and  0.2  the  protein  van  much  more  stable  than 
at  lov  or  at  higher  ionic  strengths,  and  the  stability 
vcaa  ia&jdnal  between  pis  7.2  and  7.5  with  both  the  viscosity 
a ad  flow  birefringence  of  the  preparations  falling  off 
rapidly  as  the  pH  was  raised;  the  solutions  also  showed, 
cn  h^eping,  a  progressiva  opalescence  which  ultimately 
reaulted  in  the  precipitation  of  the  protein.  This  cpales** 
caacr  increased  more  rapidly  in  high  ionic  strength  solu- 
tionr.  in.  low  ionic  strength  solutions,  the  axoplasm 
aaaw&ci  a  very  high  viscosity,  but  a  surprisingly  low  bire¬ 
fringence,,  and  the  opale.3cence  was  also  very  small. 

Since  it  hoc mo  unlikely  that  all  of  this  viscosity  can 
j  3  ascribed  to  electrostatic  interactions  between  charged 
t oleculets  and  to  the  absence  of  counterions,  it  appears 
possible  that  in  low  ionic  strength  solutions  a  dissocia¬ 
tion  of  i;h©  fibrous  probain  proceeds  in  a  manner  still 
Mknown  said  previously  unsuspected.  Some  further  indica¬ 
tion  cf  r,  raolecular  change  is  given  by  the  observation 
that  electrophoresis  of  the  axoplasm  extruded  and  dialyzed 

•  *t  federate  ionic  strength  shows  only  two  high  molecular 
’.•eight  components  present  (in  confirmation  of  earlier 
studies  performed  at  M0X,To) ,  whereas  after  water  dialysis 
four  corny onenta  are  detectable.  Earlier  attempts  to 
•.'hudy  the  reversibility  of  the  dissociation  changes  oc- 

•  purring  hi  this  filamentous  protein  as  pH  or  ionic  strength 
wan  raise  d  and  lowered  have  now  to  be  re-interpreted  in 
■fie  light  of  the  later  findings  of  a  dissociation  at 

:•.»«,*  ionic  strength,  and  these  experiments  now  need  to 
be  repeated. 
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•‘2*  X-ray  Diffraction.  in  order  to  explore  the 
:;uoture  of  the  filamentous  protein,  attempts  have 
btisn  rer.evad  to  obtain  a  fiber-type  X-ray  diffraction 
photograph  of  the  extruded  axoplasm.  Attempts  at  M.X.To 
to  orient  che  fibers  from  centrifuged  and  purified 
axoplasm  had  previously  failed,  and  more  recently  at¬ 
tempts  have  been  directed  to  the  recovery  of  the  protein 
virile  preserving  the  orientation  pre-existing  in  the 
rron.  Vo  this  end  the  axoplasm  has  been  extruded  from 
tha  giant  fibers  and,  maintaining  the  orientation  of 
th i  plug,  the  salts  have  been  dialyzed  from  the  material 
through  membranes  or  by  immersion  in  aqueous  acetone, 
aid  the  stretched  fiber  or  resulting  protein  plug  has 
new  been  nub  ir.it  he  <5  for  X-ray  analysis.  Thess  plugs 
ara  strongly  optically  birefringent.  Thus  far  no  orien¬ 
tation  in  the  X^ray  diagram  has  been  disceimsd,  but  an 
I*. tensive  effort  vill  be  maintained  in  this  investigation. 

Isolation  of  Subunits.  Taking  advantage  of  techniques 
explored  by  workers  in  tha  field  of  virus  structure  where 
5:h«  -aggregation  of  subunits  poses  particular  problems  of 
aralysia,  the  neurofilament  protein  from  the  exoplasm 
has  been  traction*. tad  by  previously  described  methods 
using  ciumonium  sulphate,  and  the  protein  has  been  dis- 
sc  elated  in  8  M  urea ,  reduced  by  borohydride,  and  alkylated 
by  iodo-aeetic  acid  or  iodo-acetamida.  Such  solutions 
he ve  yielded  a  preparation  which,  although  apparently 
nenodisperse  in  the  ultracentrifuge,  in  fact  yields  a 
boundary  which,  on  analysis,  appears  non-Gaussian  and 
therefore  represents  an  interacting  system  or  a  system 
nx re  complex  than  is  immsdiately  apparent.  These  prepara¬ 
tions  await  fur tiier  characterization.  Blectrophoretically 
these  comprise  only  one  component,  whether  in  free  boundary 
or  zone  electrophoretic ,  confirming  the  validity  of  the 
previously  elaborated  fractionation  procedure.  The  amino- 
acid  composition  of  the  soluble  alkylated  subunits  — 
corresponding  to  P-1  in  last  year's  report  —  has  bssn 
determined,  and  it  agrees  well  with  previous  determina¬ 
tions  , 
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'  Cono ti tuents 

i le  low  r.olebular  weight  constituents  isolated  from 
tie  axoplasm  by  dialysis  have  thus  far  been  lyoph Hired 
xid  stored  against  a  possibility  that  lator  in  the  year 
tie  squid  will  no  longer  be  available  for  direct  experi~ 
‘mi  Further  analysis  of  this  material  will  be  completed 
^  >tb.  L;s  Chile  and  at  M0I,.T.  lima  far  the  lyophilized 
.a!y<s&blt  onstituento  of  360  squid  axona  have  been 
•  icuaiula  ted .  Meanwhile  fully  automated  equipment  for 
i  dno  a  or?  analysis  has  been  aeaeinbled;  it  will  be  utilised 
i  the  -iiia lysis  of  the  axon  mate rid  shortly  at  M.I.To 

5  ygiologlcal  Experiments 

an  attempt  to  understand  the  physiological  role  of 
da  noirrof ilaments ,  experiments  have  been  designed  to 
:'i*ject  both  proteolytic  enzymes  and  some  of  the  dialyzable 
i  £  abides  of  the  axoplasm  into  the  exon  of  a  freshly 
dissected  squid  in  which  the  neuromuscular  junction  has 
i' :  an  retained  intact. 

Ti  ',.’111  bo  recalled  that  the  axon  filament  protein  is 
-  .adily  attacked  by  proteases  such  as  trypsin.  If  the 
urur  or  i  laments  pley  a  rola  in  transfer  of  excitation 
t  the  innervated  muscle,  injection  of  protease  into 
tie  uxon  should  interfere  with  that  transfer.  With  respect 
fc  ’  the  peptides  the  rationale  was  that  if,  in  the  peptides 
already  demons tratsd  to  exist  in  axoplasm,  there  were 
included  ci  hormone  active  in  ion  transport,  injection  of 
•this  hormone  into  the  fresh  axon  might  alter  the  current 
flowing  across  the  membrane  (in  the  presence  of  the 
appropriate  ion) .  The  model  for  such  a  system  is  the 
bind  bladder  in  which  ion  movements  can  be  stimulated 
by  at  little  as  10*"11  H  vasopressin  (Leaf  et  al) .  The 
cijr’jarafcus  has  been  set  up  with  the  help  of  Dr.  Luco  of 
tiff  Catholic  University  of  Chile  and  at  present  the  experi¬ 
ments  are  in  an  exploratory  stage;  there  are  no  results 
tv*  report. 


i.OB3-3*a  ?:BRVE  PROTEIN 
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hast  yoa--*:i  cepoit  listed  some  experiments  by  Mr 0 
V-'aelchwl  on  the  characterisation  of  proteins  from 
lobster-claw  nerve-axons.  Some  inconsistencies  in 
theac  osrliex  observations  mace  by  Maxfieid  in 
thin  3.  .“ibo  eatery  },ed  to  a  further  investigation  of 
this  rrv.i:?riel»  Tt  was  found  that  reproducible  prepara¬ 
tion:-.  ?-a -a  iery  dif  ficult  to  obtain*  but  the  over-all 
i.8su  Ay,  iic  not  oonvi ico  vs  that  the  preparations 
iso).’  '.'A  In  this  manns::  from  lobster  nerve  contained 
£  ny  ■'.}:> ,*n  pre  ta  inf  rat'iior  they  appear  to  derive  from 
cxtf.ciluiU.r  material,  chiefly  rOood..  Since  this  ia 
rot  of  immediate  interest  in  this  program,  the  detailed 
?3Bin  >  acid  i  nalysas  projected  weirs;  not  performed. 

4  DLVEuOPMEiH  S 

The  .-re-TO  .ut:  on  of  the  free-dif fusion  electrophoresis 
i  ppa'-aevv.:  oil  ?lr  F.  Hsiwig  for  the  separation  of  pzoteinft, 
pept.Ldos  and  .sns.ymes  without  saturation  of  biological 
? roper hi  >s  has  been  demonstrated  in  experiments  on 
coll«cj*n  i3cien*20,  139*  37,  1963).  In  these4  experiments 
the  nntcuafc^d  foehn  icon  amino  A  aid  ana.ly.cer  was  proved 
i’dcguEi  to  r  o  iii„s  equipment  has  recently  been  added 

»  n  automatic  ultraviolet  analyzer  (Model  1056,  Vanguard 
ne':.:mu!'it  Couruny)  which  provider  monitoring  function. 

‘•EE  ErOPhYSZCAh  hKD  BIOCHEMICAL  BASIS  OF  MEMORY.,  LEARNING, 
7, EX  COqHiSIVB  BFTAVICF. 

v.be  lectures  by  Dr.  Leo  De  Maeyer,,  referred  to  In  last 
2;'sarr,o  report*  reinforced  the  vies/  that,  if  nvsmory  ba 
coda*'1  in  a  specific  type-  or  types  of  macromoleeules ,, 

■•he  readout  of  die  ceded  and  stored  information  (memory) 
Key  involve  a  fast  reaction  such  as  might  concern  the 
fast  transfer  of  elementary  charged  particles  (protons 
or  electrons)  or  of  energy  (excitation) ..  Experiments 
•to  trot  such  a  process  in  a  model  system  are  being  con- 
s leered. 
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r''"o  facilitate  advance  in  the  whole  area  of  the  neuro- 
■sciences  relevant  to  the  problem  of  the  physical  nature 
of  the  mind „  a  program  has  been  initiated  in  collabora¬ 
tion  with  twenty-six  other  scientists.  Known  as  the 
Hsurosciencea  Research  Program,;  this  project  has  been 
formalized  by  the  establishment  of  a  Center  in  the  House 
of  the  American  Academy  of  Arts  and  Sciences  in  Brookline » 
Massachusetts „  and  a  center  staff  including  an  Executive 
Officor  H)?.'o  He  Ko  Gayer 3 ,  an  Information  Specialist 
<Jo  Morris S  0  and  secretarial  staff.  Pour  stated 
me  tings  of  this  group  have  already  been  held,,  and  work 
sessions  on  two  specific  areas  of  the  problem  have  been 
conducted.  Plans  are  being  made  to  catalyze  the  emergence 
Mild  identification  of  a  field  which  can  best  be  described 
•is  molecular  neurology,,  comparable  to  molecular  genetics 
had  molecular  iiaaunology,,  The  larger  systems  aspects  are 
sileo  "baing  studied  by  the  group. 

PLAITS  FOR  THE  PTJfiJRE 

he  Xinaaediata 

aaa.  -■xmtMtrssi 

: ;  tockptling  of  fibrous  protein  purified  from  dialyzed 
txoplasm  and  of  Xyophiliaed  dialyaate  will  be  continued 0 
no  that  in  the  Chilean  winter  when  squid  become  scarce  the 
analyses  of  amino  acid  composition  and  of  structure  by 
h >ray  diffraction  can  be  carried  out.  Meanwhile  experi- 
H  ints  on  fresh  material  v;ill  be  continued,,  particularly 
"he  attempts  to  isolate  and  chfuracberlze  the  monomer 
isubunit  cf  the  fiiaraentous  protein. 

Preliminary  axperiracmto  indicate  conditions  important  to 
iracceso  in  injecting  proteases  into  axoplasm  to  study  the 
function  of  neurofiXarasnte.  Efforts  will  be  made  to  gain 
headway  in  this  problem  which,  has  been  «o  intractable 

over  the  years. 

h«  ItiragyRange 

'.lie  continuing  twofold  long-range  aim  is  to  advance  the 
science  of  molecular  neurology  through  investigation  of 
the  molecular  organization,  composition*  and  function 
of  nerves  and  to  seek  evidence  for  the  ability  of  macro- 
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molecules  and  their  assemblies  to  function  in  the  storage 
and  ra-crievt'l  of  memory  and  in  other  aspects  of  learning 
and  higher  mental  processes . 


REPORTS  Af!D  PTOLXCTiTTONS 

Schmitt,.  It  0.,  Molecule-cell,,  component~system 
reciprocal  control  as  exemplified  in  psycho- 
physical  research.  The  Robert:  A.  Welch  Foundation 
Conference  on  Chemical  Rasa arch.  V.  Molecular 
Structure  and  Biochemical  Reactions.  Houston, 

Texas ,  4  December  1961.  In  Press. 

Selnitt,  it  O..,  Psychophysics  considered  at  the  molecular 
and  st.bmoiecular  levels.  Horizons  in  Biochemistry, 
Kasha  and  Pullman,  adfi.  Hew  York:  Academic  Press, 
::nc.  pp.  437-457.  1962. 

Pc  0o ,  Biophysics,  Wet  and  Dry,  First 
..Hops teg  Lecture,  Northwestern  University, 
s'  January  1962.  Northwestern  University, 

The  Technological  institute,  Evanston,  Illinois. 

23  pages.  1963. 

Schmitt,  F,  0. ,  The  macroreolecular  assembly  —  A  hier¬ 
archical  entity  in  cellular  organization. 

Day.  Biol.,  7,  546-559,  1963. 

Schmitt,  F.  0„,  Hew  and  strange  systems,  Boston  College 
Centennial,  "The  Knowledge  Explosions  Liberation 
and  Limitation,”  13  April  1963.  In  Press. 


